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{Established  May,  1872,) 

Conducted  by  Prof.  E.  L.  YOUMAJfS. 


The  Popular  Science  Monthly  was  started  to  promote  the  diffusion  of  valuable  sci- 
entific knowledge,  in  a  readable  and  attractive  form,  among  all  classes  of  the  community, 
and  has  thus  far  met  a  want  supplied  by  no  other  periodical  in  the  United  States. 

The  great  feature  of  the  magazine  is,  that  its  contents  are  not  what  science  loas  ten 
or  more  years  since,  but  what  it  is  to-day,  fresh  from  the  study,  the  laboratory,  and  the 
experiment :  clothed  in  the  language  of  the  authors,  inventors,  and  scientists  themselves, 
which  comprise  the  leading  minds  of  England,  France,  Germany,  and  the  United  States.  •■ 
Among  popular  articles,  covering  the  whole  range  of  Natural  Science,  we  have  the 
latest  thoughts  and  words  of  Herbert  Spencer,  and  Professors  Huxley,  Tyndall,  and  R.  A. 
Proctor.  Since  the  start,  it  has  proved  a  gratifying  success  to  every  friend  of  scientific 
progress  and  universal  education ;  and  those  who  believed  that  science  could  not  be 
made  any  thing  but  dry  study  are  disappointed. 

The  press  all  over  the  land  is  warmly  commending  it.  We  subjoin  a  few  encomiums . 
from  those  recently  given : 

"This  is  a  hig-ljlj^-auspicious  beginning  of  a  use-^ 
fill  and  much-net-ded  enterprise  in  the  way  of  pub- 
lication, for  wiiicli  ttie  public  owe  a  special  di'l)t  ol 
obligatioa  to  Messi's.  D.  Appleton  &  Co." — Boston 
Gazette. 

'"This  new  enterprise  appeals  to  all  who  are  in- 
terested in  the  laudable  effort  of  diffusing  that  in- 
formation which  is  best  calculated  to  expand  the 
mind  and  improve  the  conditions  and  enhance  the 
worth  of  life."— (roWew  Age. 

"Just  the  publication  needed  at  the  present 
Any. ''^—Montreal  Gazette. 

"  This  new  magazine,  in  our  estimation,  has  moro 
merit  than  the  whole  brood  which  have  preceded 
it." —  Oswego  Press.  .  •. 

"  In  our  opinion,  the  right  idea  has  been  Iiaj)p11y 
hit  in  the  plan  of  this  new  monthly." — JSitffalo 
Courier.  .  ?  ' 

"This  ia  one  of  the  very  best  period ic.ali?  of  its 
Ifind  published  in  the  world.  Its  corps  of  contribu- 
tors comprise  many  of  the  ablest  minds  known  to 
science  and  literatiu-e.  It  is  doing  a  great  and  noble 
work  in  popularizing  science,  promoting  the  growth 
of  rciisoii,  and  leveling  the  battlements  of  old  su- 
perstitious reared  in  the  childhood  of  our  ra<:e  be- 
fore it  was  capable  of  reasoning." —  Tlie  American 
Medical  Journal,  St.  Louis,  Mo. 

"This  magazine  is  worth  its  weight  in  gold.  fo( 
its  service  in  educating  the  peojile." —  The  Amei  ican 
Journal  of  Education.  St.  Louis.  Mo. 

"This  monthly  enables  us  to  utiHze  at  least  sev- 
ei-al  years  more  of  life  than  it  would  be  possible  were 
we  obliged  to  wait  its  i)uhlication  in  book-form  at 
the  hands  of  some  compiler." —  Thu  Writing  Teacher 
and  Business  Advertiser,  Xew  York. 


The  Popular  Science  Monthly  is  published  in  a  large  octavo,  handsomely  printed 

on  clear  type,  and,  when  the  subjects  admit,  fully  illustrated.  Each  number  contains 
128  pages. 

Terms:  $5  per  Annum;  or  Fifty  Cents  per  Number. 

Postage  free  to  all  Subscribers  in  the  United  States,  from  January  1,  1875. 

-A  new  volume  of  the  Popular  Science  begins  with  the  numbers  for  May  and  Novem- 
ber each  year.    Subscriptions  may  commence  from  any  date.    Back  numbers  supplied. 

K<nv  Jteailif,  Vols.  I.,  II,,  III.,  IV.,  and  V.,  of  The  Popular  Science  Mo uf My, 
embracing  the  Numbers  from  1  to  80  (May,  18T2,  to  October,  1874).  5  vols.,  Svo.  'Jloth,  $;}.uO  per  voL 
Half  Morocco,  $0.50  per  vol. 

For  Sale,  Binding  Cases  for  Vols.  I.,  II,,  III.,  IV.,  and  V.,  of  The  I'opular 
Science  Monthly.  These  covers  are  prep.ared  expressly  for  binding  the  volumes  of  Tue  Pcipulab 
Science  Monthly  as  they  appear,  and  will  be  sent  to  Subscribers  on  receipt  of  price.  Any  binder  cao 
attach  the  covers  at  a  trifling  expense.    Price,  50  cents  each. 


"  1  nat  mere  is  a  place  lor  i  he  i'opulak  science 
Monthly,  no  one  can  doubt  who  has  watched  the 
steady  increase  of  interest  in  scientific  investigation 
manifested  in  this  country,  not  only  by  a  select 
class,  but  by  the  entire  community." — New  York 
Times. 

"  A  journal  which  promises  to  be  of  eminent 
value  to  the  cause  of  popular  education  in  this 
country." — New  York  Tribune. 

"  It  is,  beyond  comparison,  the  best  attempt  at 
journalism  of  the  kind  ever  made  in  this  country." 
— Home  Journal. 

"The  initial  number  if  admirably  constituted." 
— Evening  Mail. 

"  We  think  it  is  not  too  much  to  say  that  this  is 
the  best  first  number  of  any  magazine  ever  pub- 
lished in  America." — New  York  World. 

"  It  is  just  what  is  .wanted  by  the  curious  and 
progressive  mind  of  this  country,  and  ought  to  be 
widely  circulated."— York  Evening  Post. 

"  It  is  the  first  successful  attempt  in  this  country 
to  popularize  science  in  the  pages  of  a  monthly."— 
A'.  Y.  School  Journal. 

"  Not  the  less  entertaining  because  it  is  instruc- 
tive."— Philadelphia  Age. 

"The  Monthly  has  more  than  fulfilled  all  the 
promises  which  the  publishers  made  in  the  pro- 
spectus of  publication."— A'^iag'ara  Falls  Gazette. 

"  It  places  before  Ameiican  ivaders  what  the 
ablest  men  of  science  throughout  the  world  write 
about  their  meditations,  speculations,  and  discov- 
eries."—P/Wirfewce  Journal. 
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MOTOR  CENTRES  m  THE  CEREBRAL  COKYOLU- 
TIONS;  THEIR  EXISTENCE  AND  LOCALIZA- 
TION. 


In  pursuance  of  the  subject  referred  to  them,  the  Com- 
mittee have  experimented  upon  five  dogs,  weighing  each  from 
six  to  eleven  kilogrammes.  In  each  experiment  the  animal 
was  etherized  and  kept  more  or  less  completely  under  the  in- 
fluence of  the  angesthetic  during  the  whole  course  of  the  ex- 
periment. A  portion  of  the  cranium  and  dura  mater  was 
removed  on  one  or  both  sides,  over  the  convexities  of  the 
cerebral  hemispheres,  for  a  space  averaging  five  centimetres 
longitudinally  by  two  centimetres  transversely.  The  exposed 
cerebral  surfaces  were  then  subjected,  at  different  points,  to 
the  stimulus  of  a  galvanic  current  from  a  battery  which  con- 
sisted sometimes  of  eight,  sometimes  of  sixteen  cells ;  each 
cell  being  composed  of  a  carbon  and  an  amalgamated  zinc 
plate,  immersed  in  a  solution  of  potassium  bichromate,  one 
part ;  sulphuric  acid,  one  part ;  water,  ten  parts. 

The  electrodes  were  rounded  platinum  points,  insulated  by 
a  coating  of  hard  rubber  to  within  a  distance  of  one  millimetre 
from  their  extremities,  and  were  fixed  usually  at  the  distance 
of  one  millimetre  apart.  When  in  action  the  galvanic  cur- 
rent thus  produced  was  imperceptible  on  the  tips  of  the 
fingers,  very  slightly  perceptible  on  the  cheeks,  and  distinctly 
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perceptible,  though  not  at  all  painful,  upon  the  tongue.  The 
Committee  have  seen  reason  to  believe  that  the  results  ob- 
tained by  using  currents  of  this  slight  degree  of  intensity  are 
of  greater  precision  than  those  obtained  with  a  more  power- 
ful stimulus. 

The  electrodes  were  placed  in  contact  witli  the  cerebral 
surface  in  such  a  way  as  not  to  wound,  but  only  to  touch  it. 
As  a  rule,  they  were  held  in  contact  with  the  brain,  at  each 
application,  for  about  one  second.  On  two  occasions  they 
were  applied  alternately  to  the  surface  of  the  dura  mater  and 
to  that  of  the  brain,  and  the  difference  in  the  effects  noted. 
The  applications  at  each  of  the  different  points  were  fre- 
quently repeated,  in  order  to  make  sure  that  the  effects  pro- 
duced were  not  accidental.  Thus  on  seven  different  occa- 
sions, the  contraction  of  certain  muscles  was  obtained  by 
applying  the  electrodes  to  a  particular  part  ten  times  in  suc- 
cession, on  one  occasion  twenty-five  times,  and  on  one  occasion 
forty  times,  with  a  moderate  interval  between  the  applica- 
tions. The  spots  on  the  cerebral  surface  separately  examined 
were  situated  from  two  and  a  half  to  five  or  seven  millimetres 
distant  from  each  other.  After  a  particular  point  had  been 
found,  where  the  application  of  the  electrodes  caused  a  dis- 
tinct muscular  contraction,  the  application  was  repeated  until 
the  galvanic  current  had  produced  a  slight  brownish  discolora- 
tion sufficient  to  mark  the  spot ;  and  at  the  end  of  the  experi- 
ment the  location  of  each  spot  was  permanently  fixed  by  the 
insertion  of  a  round-headed  steel  needle  into  the  cerebral  sub- 
stance. The  animal  was  then  killed,  the  encephalon  removed 
and  preserved  in  spirit,  with  the  needles  in  place,  for  future 
reference.  It  is  only  by  this  means  that  the  points  stimulated 
in  different  experiments  can  be  compared  with  each  other, 
since  particular  convolutions  cannot  be  recpgnized  with  cer- 
tainty until  the  whole  brain  is  exposed. 

The  following  are  the  details  of  the  experiments : 
ExPEEiMENT  !No.  L,  JuuB  18^A. — The  skull  and  dura  mater 
were  removed  on  the  left  side,  so  as  to  expose  a  surface  of  the 
brain  measuring  four  and  a  half  centimetres  longitudinally 
by  two  centimetres  transversely ;  the  inner  edge  of  the  ex- 
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posed  portion  being  about  one  centimetre  distant  from  the 
median  line. 

Application  of  Electrodes  to  the  Left  Hemisphere. — The 
electrodes  were  applied  to  a  point  situated  about  the  middle 
of  the  post-frontal  convolution,  marked  l^o.  1  in  the  diagram. 


Experiment  No.  I. 


1.  Flexion  and  adduction  of  opposite  hind-leg,  ten  times  ;  accompanied  eight  times  with 
slight  extension  of  opposite  fore-leg. 

3.  Exten^^ion  of  opposite  hind  leg,  eight  times:  accompanied  three  times  with  slight  flex- 
ion of  opposite  fore-leg ;  three  times,  slight  depression  of  shoulder  on  same  side. 

3.  Simultaneous  extension  of  opposite  fore  and  hind  legs,  nine  times.   Extension  of  oppo- 

site fore-leg  only,  three  times. 

4.  Flexion  of  opposite  fore-paw  only,  twice. 

The  right  hind-leg  was  at  once  drawn  upward  and  inward. 
This  was  repeated  ten  times  with  a  similar  result.  The  con- 
tractions were  immediate,  perfectly  distinct,  and  momentary 
in  duration ;  rather  increasing  in  vigor  with  the  later  appli- 
cations. •  Eight  times  they  were  accompanied  also  by  slight 
extension  of  the  right  fore-leg.    ]^o  other  movement. 

The  electrodes  were  tfeen  applied  to  point  ]^o.  2,  situated 
about  seven  millimetres  farther  forward  and  outward,  near 
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the  outer  extremity  of  the  frontal  fissure,  producing  eight 
times  in  succession  extension  of  the  riglit  hind-leg,  very 
marked,  and  increasing  in  vigor  with  successive  applications. 
Three  times  this  movement  was  accompanied  by  slight  flexion 
of  the  right  fore-leg,  and  three  times  by  a  depression  of  the 
left  shoulder,  neither  of  these  actions  being  at  any  time  so 
well  marked  as  the  former  one.    No  other  motion. 

All  the  rest  of  the  exposed  surface  of  the  left  hemisphere 
was  tested,  three  times  over,  by  the  application  of  the  elec- 
trodes at  successive  spots  about  five  millimetres  apart,  with- 
out producing  any  movement. 

Application  of  Electrodes  to  the  Bight  Hemisphere. — The 
surface  of  the  brain  was  then  exposed  on  the  right  side,  to  a 
similar  extent  and  in  corresponding  position. 

The  electrodes  were  applied  to  point  ^o.  3,  near  the  outer 
extremity  of  the  frontal  fissure.  The  first  three  applications 
produced  extension  of  the  left  fore-leg  only.  The  subsequent 
nine  applications  produced  simultaneous  extension  of  the  left 
fore  and  hind  legs,  both  about  equally  well  marked,  and  rather 
increasing  in  vigor  with  the  later  applications,  '^o  other 
movement. 

The  electrodes  were  then  applied  to  spot  Js'o.  4,  situated 
about  two  and  a  half  millimetres  farther  back.  The  applica- 
tion produced,  twice  in  succession,  a  slight  instantaneous  flex- 
ion of  the  left  fore-paw.  Subsequent  applications  at  the  same 
point  were  without  effect. 

The  remainder  of  the  exposed  cerebral  surface  on  the  right 
side  was  then  tested  by  repeated  applications,  in  the  same 
manner  as  it  had  been  done  on  the  left,  without  producing 
any  movement. 

Experiment  'Eo.  II.,  June  22</. — The  dog  being  etherized, 
the  surface  of  the  left  cerebral  hemisphere  was  exposed  for  a 
space  of  about  five  centimetres  longitudinally  and  two  centime- 
tres transversely.  The  same  operation  was  at  once  done  on  the 
right  side,  except  that,  in  order  to  avoid  a  too  long  exposure 
of  the  brain,  the  dura  mater  was  left  in  place  until  the  time 
for  examination  arrived.  There  was  an  unusually  abundant 
hseraorrhage  from  the  diploe  of  the  skull  on  the  left  side. 
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which  continued  a  long  time  before  it  could  be  permanently 
stopped,  causing  a  considerable  loss  of  blood. 

Application  of  Electi'odes  to  the  Left  Hemisphere. — With 
only  eight  cells  of  the  battery  in  action,  the  electrodes  were 
applied  over  the  whole  exposed  surface  of  the  left  hemisphere, 
at  intervals  of  three  to  five  millimetres,  without  producing  any 
movement.    The  strength  of  the  battery  was  then  increased 

BXPBBIMBNT  No.  II. 


1.  Flexion  of  opposite  fore-paw  only,  ten  times. 

2.  Flexion  of  opposite  fore  paw,  accompanied  by  incomplete  flexion  of  whole  of  opposite 

fore-limb. 

3.  Flexion  of  head  on  neck,  six  times ;  accompanied  three  times  by  flexion  of  opposite 

fore-leg. 

to  sixteen  cells,  and  the  electrodes  were  again  applied  all  over 
the  exposed  surface,  as  before,  without  producing  any  move- 
ment. 

Application  of  Electrodes  to  the  Right  Hemisphere. — The 
electrodes,  applied  to  point  JSTo.  1,  in  the  back  part  of  the 
post-frontal  convolution,  produced,  ten  times  in  succession. 
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distinct  momentarj  flexion  of  the  left  fore-paw,  without  any 
other  movement. 

Applied  to  point  'No.  2,  about  three  millimetres  in  front  of 
the  last,  they  produced  repeatedly  similar  flexion  of  tlie  left 
fore-paw,  but  accompanied  by  incomplete  flexion  of  the  whole 
limb. 

The  electrodes  were  then  applied  in  succession  to  three 
points,  situated  respectively  three  millimetres  inward,  three 
millimetres  outward,  and  three  millimetres  directly  backward 
from  No.  1,  ten  times  to  each,  without  producing  any  move- 
ment. 

Immediately  afterward  again  applied  to  point  !N"o.  2,  they 
produced  flexion  of  the  left  fore-limb,  as  before. 

They  were  then  applied  all  over  the  remainder  of  the 
exposed  portion  of  the  right  hemisphere,  without  producing 
any  effect. 

I^eappUcation  of  JSlectrodes  to  the  Left  Hemisphere. — The 
electrodes  being  again  applied,  on  the  left  side,  to  point  No. 
3,  just  outside  of  the  external  end  of  the  frontal  fissure,  pro- 
duced, six  times  in  succession,  immediate  and  momentary  flex- 
ion of  the  head  on  the  neck  in  the  median  line ;  accompanied 
three  times  by  flexion  of  the  right  fore-leg.  No  other  move- 
ment. 

Experiment  No.  III.,  June  26^A. — The  cranium  was  re- 
moved, on  both  sides,  for  a  space  about  five  centimetres  long 
by  one  and  a  half  to  two  centimetres  wide ;  the  dura  mater 
being  at  first  left  in  place. 

Application  of  Electrodes  to  the  Dura  Mater. — With  the 
battery  composed  of  eight  cells  the  electrodes  were  applied 
all  over  the  exposed  outer  surface  of  the  dura  mater  on  the 
left  side,  at  intervals  of  three  millimetres,  without  producing 
any  visible  effect.  But,  on  increasing  the  battery  to  sixteen 
cells  and  again  applying  the  electrodes  at  a  point  in  the  pos- 
terior part  and  close  to  the  outer  edge  of  the  exposed  surface, 
there  was  produced,  ten  times  in  succession,  distinct  twitching 
of  the  subcutaneous  muscles  on  the  same  side  of  the  head,  be- 
tween the  ear  and  the  eye,    ]^o  effect  elsewhere. 

The  battery  being  reduced  to  eight  cells  and  the  electrodes 
applied  to  the  dura  mater  on  the  right  side,  in  the  posterior 
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part  of  the  exposed  surface,  the  application  produced,  eleven 
times  in  succession,  twitching  of  the  orbicularis  oculi  on  the 
same  side.  No  other  motion.  The  same  effect  was  produced, 
three  times  in  succession,  by  applying  the  electrodes  to  a 
point  in  the  anterior  part  of  the  exposed  surface  of  the  dura 
mater.    Ko  etfect  elsewhere. 

The  battery  being  again  increased  to  sixteen  cells,  appli- 
cation of  the  electrodes  at  a  point  in  the  anterior  and  lateral 
part  of  the  exposed  surface  of  the  dura  mater,  on  the  right  side, 
produced  very  slight  flexion  of  the  head  on  the  neck  in  the 
median  line,  with  simultaneous  slight  flexion  of  the  opposite 
(left)  fore-leg.  As  nearly  as  could  be  judged,  this  point  was 
situated  immediately  over  that  part  of  the  brain  where  similar 
motions  are  produced  by  direct  application  of  the  electrodes 
to  the  cerebral  surface. 

Application  of  Electrodes  to  the  Brain  on  the  Left  Side. 
— The  dura  mater  was  then  removed  on  the  left  side.  With 
the  battery  composed  of  eight  cells,  application  of  the  elec- 
trodes to  point  ^o.  1,  at  the  most  anterior  visible  part  of  the 
prae-frontal  convolution,  produced  ten  times,  distinct  flexion  of 
the  head  on  the  neck  in  the  median  line,  without  any  other 
motion. 

The  animal  having  been  profoundly  narcotized  by  a  fresh 
administration  of  ether,  application  of  the  electrodes,  ten 
times  in  succession  to  the  points  2,  3,  and  4,  situated  a  little 
farther  outward  and  backward  from  No.  1,  produced  no  effect, 
excepting  once  slight  extension  of  the  fore-leg  on  the  same 
side  at  point  No.  2.  The  battery  was  at  once  increased  to 
sixteen  cells,  and  the  electrodes  again  applied,  ten  times  in  suc- 
cession, to  point  No.  1,  without  producing  any  visible  effect. 

The  animal  was  then  allowed  to  remain  quiet  for  a  few 
moments;  after  which  application  of  the  electrodes  to  point 
No.  4  produced,  ten  times  in  succession,  extension  of  the  op- 
posite fore-leg,  accompanied  once  by  simultaneous  extension 
of  the  opposite  hind-leg.    No  other  movement. 

The  battery  was  reduced  to  eight  cells,  the  animal  having 
become  less  deeply  narcotized.    Application  of  the  electrodes 
to  point  No.  5,  in  the  back  part  of  the  post-frontal  convolution,  » 
produced  eight  times  flexion  of  opposite  hind-leg  only ;  but 
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on  indreasing  tlie  battery  to  sixteen  cells,  application  of  the 
electrodes  to  the  same  spot  produced  again  flexion  of  the  op- 
posite hind-leg,  with  a  confused  movement  of  all  the  other 
limbs. 


EXPEKIMENT  No.  III. 


1.  Flexion  of  head  on  neck,  in  the  median  line,  ten  timep. 

2.  Slight  extension  of  fore-leg,  on  the  same  side,  once. 
8.  No  effect. 

4.  Extension  of  opposite  fore-leg,  ten  times  ;  accompanied  once  by  extension  of  opposite 
hind-leg.   Flexion  of  opposite  hind-paw  only,  five  tiroes. 

6,  6.  Flexion  of  head  on  neck,  with  rotation  toward,  the  side  of  the  stimulus. 

7.  Flexion  of  opposite  hind-paw  only,  ten  times. 

The  animal  was  again  thorouglily  etherized,  and  the  elec- 
trodes applied,  ten  times  in  succession,  to  point  Ko.  5,  with- 
out any  effect.     Then  the  application  made  at  point  No.  4 
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produced,  five  times  in  snccession,  distinct  momentary  flex- 
ion of  the  opposite  hind-paw  alone. 

The  electrodes  were  then  applied  to  all  the  remaining  pos- 
terior and  lateral  exposed  surface  of  tlie  brain,  on  the  left 
side,  without  visible  effect. 

Effect  of  Galvanization  on  the  Dura  Mater  as  com/pared 
with  that  on  the  Brain. — A  small  triangular  portion  of  the 
dura  mater  having  been  accidentally  left  in  place,  at  the  pos- 
terior and  inner  angle  of  the  opening  in  the  skull,  tlie  elec- 
trodes were  applied  to  its  outer  surface.  The  application 
produced  a  shrinking  movement  of  depression  of  the  shoulder 
on  the  same  side,  without  any  other  motion.  But,  when  the 
application  was  made  to  the  exposed  surface  of  the  brain, 
immediately  beside  the  cut  edge  of  this  part  of  the  dura 
mater,  it  produced  no  effect.  The  applications  were  thus  made 
alternately,  to  the  dura  mater  and  to  the  brain,  ten  times 
to  each,  in  immediate  succession,  always  with  the  foregoing 
result. 

Application  of  Electrodes  to  the  Brain  on  the  Eight  Side. 
— The  dura  mater  was  then  removed  on  the  right  side.  With 
the  battery  composed  of  sixteen  cells,  and  the  animal  deeply 
etherized,  application  of  the  electrodes  at  point  Ko.  7,  just 
behind  the  outer  extremity  of  the  frontal  fissure,  produced,  ten 
times  in  succession,  distinct  flexion  of  the  opposite  hind-paw\ 
The  application,  made  to  two  spots,  situated  respectively  five 
millimetres  in  front  and  five  millimetres  outside  of  this  point, 
from  five  to  ten  times  in  succession,  produced  no  effect. 

Application  of  the  electrodes  on  both  right  and  left  sides, 
to  points  ]^o.  6,  situated  far  downward  on  the  anterior  aspect 
of  the  hemisphere,  produced,  several  times  in  succession,  flex- 
ion of  the  head  on  the  neck,  with  simultaneous  rotation  of  the 
head  toward  the  side  galvanized,  as  if  by  contraction  of  the 
opposite  stemo-mastoid  muscles.  These  movements  were  very 
steady  and  uniform,  and  less  sudden  in  character  than  those 
usually  produced  in  the  limbs  by  galvanization  of  the  brain- 
surface. 

Experiment  ISo.  TV.,  July  ^th. — In  this  experiment,  the 
brain  was  exposed  on  the  left  side  only.  The  exposed  portion 
occupied  a  space  about  five  and  a  half  centimetres  long  by 
one  and  three-quarters  centimetre  wide. 
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Application  of  Electrodes  to  the  Left  Side  of  the  Brain. 
— With  the  battery  composed  of  eight  cells,  and  the  animal 
deeply  etherized,  the  electrodes  were  applied  all  over  the  ex- 
posed cerebral  surface,  without  eft'ect. 


EXPEBIMBNT  No.  IV. 


1.  Flexion  of  opposite  fore-leg,  ten  times ;  accompanied  twice  with  flexion  of  opposite 
hind-leg. 

3.  Flexion  of  opposite  hind-leg  only. 

3,  4,  5.  Contraction  of  orbicularis  oculi  on  the  opposite  side,  twenty-five  times. 

The  battery  was  then  increased  to  sixteen  cells,  w^hen  ap- 
plication of  the  electrodes  to  point  ]N'o.  6,  situated  as  in  the 
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preceding  experiment,  produced  twice  sliglit  flexion  of  the 
head  on  the  neck ;  but  three  subsequent  applications  to  the 
same  spot,  immediately  afterward,  produced  no  eftect. 

A  few  moments  later,  application  of  the  electrodes  to 
point  1^0.  1,  just  beyond  the  outer  extremity  of  the  frontal 
fissure,  produced,  ten  times  in  succession,  flexion  of  the  oppo- 
site fore-leg,  accompanied  twice  with  flexion  of  the  opposite 
hind-leg.  No  other  motion.  Application  of  the  electrodes 
to  point  Ko.  2,  situated  about  five  millimetres  ferther  back- 
ward and  inward,  produced,  several  times  in  succession,  dis- 
tinct and  sometimes  forcible  flexion  of  tlie  opposite  hind-leg 
only. 

The  electrodes  were  tlien  applied  to  a  region  on  the  lateral 
surface  of  the  brain,  near  to  and  on  both  sides  of  the  supra- 
Sylvian  fissure,  at  points  Kos.  3,  4,  and  5.  The  applica- 
tion produced,  twenty-five  times  in  succession,  well-marked 
contraction  of  the  orbicularis  oculi,  and  drawing  of  the  ex- 
ternal angle  of  the  eye  downward  and  outward,  on  the  oppo- 
site side  of  the  head.    'No  other  motion. 

The  electrodes  were  then  applied  all  over  the  remainder 
of  the  exposed  cerebral  surface,  without  producing  any  efifect 
outside  the  points  designated. 

Experiment  No.  Y.,  July  9th. — The  left  side  of  the  brain 
was  exposed  for  a  space  about  four  and  a  half  centimetres 
long  by  one  and  a  half  to  two  centimetres  wide. 

Application  of  Electrodes  to  the  Left  Side  of  the  Brain. 
— With  the  battery  composed  of  eight  cells,  and  the  animal 
deeply  etherized,  the  electrodes  were  applied  all  over  the  ex- 
posed cerebral  surface  without  visible  effect. 

The  battery  was  then  increased  to  sixteen  cells ;  when  ap- 
plication of  the  electrodes  to  point  No.  1,  about  the  middle 
and  lateral  part  of  the  exposed  surface  and  just  outside  the 
supra-Sylvian  fissure,  produced,  ten  times  in  succession,  im- 
mediate and  distinct  contraction  of  the  orbicularis  oculi  on 
the  opposite  side.    No  other  motion. 

The  electrodes  were  then  immediately  applied,  ten  times 
in  succession,  to  a  point  situated  seven  millimetres  farther 
outward,  without  producing  any  effect. 

Then  tliey  were  reapplied,  ten  times  in  succession,  to 
point  No.  1,  each  time  with  the  former  result. 
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Tliey  were  then  applied  to  a  point  situated  seven  millime- 
tres directly  backward  from  No.  1,  ten  times  in  succession, 
without  any  visible  effect. 


Experiment  No.  V. 


1.  Contraction  of  orbicularis  oculi  on  opposite  side,  forty  times. 

2,  3.  Same  effect  as  at  point  No.  1,  but  less  frequently  repeated ;  sometimes  two  similar 

contractions  produced  in  quick  succession. 

Then  again  immediately  reapplied  to  point  Ko.  1,  ten 
times,  each  time  with  the  former  result. 
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Then  tliey  were  applied  to  points  Kos.  2  and  3,  situated 
five  to  seven  millimetres  farther  forward  and  inward,  on  the 
other  side  of  the  supra-Sjlvian  fissure,  ten  times  to  each, 
nearly  always  producing  contraction  of  the  orbicularis  oculi 
on  the  opposite  side,  sometimes  with  a  rapid  double  contrac- 
tion for  each  application.    JSTo  other  movement. 

Then  they  were  applied  all  over  the  remainder  of  the  ex- 
posed cerebral  surface  without  visible  efiect. 

Finally,  they  were  again  reapplied,  ten  times,  to  point  'No. 
1,  each  time  with  the  former  result,  namely,  contraction  of 
the  orbicularis  oculi  on  the  opposite  side. 

It  will  be  seen  that  the  observations  of  the  Committee 
confirm  the  most  important  of  the  results  obtained  by  Hitzig 
and  those  who  have  followed  him  in  this  line  of  experiment. 
There  is  no  doubt  that  there  are  certain  limited  spots  upon 
the  surface  of  the  cerebral  convolutions  which,  when  subjected, 
in  the  etherized  animal,  to  a  weak  galvanic  current,  will  cause 
distinct  momentary  contraction  of  separate  muscles,  or  groups 
of  muscles,  on  the  opposite  side  of  the  body. 

The  same  galvanic  stimulus,  applied  to  other  points,  not 
more  than  five  millimetres  distant,  will  be  entirely  without 
efifect ;  and,  when  reapplied  to  the  former  spot,  will  again 
produce  the  same  contractions  as  before. 

The  number  of  the  repetitions  of  particular  contractions 
following  galvanization  of  particular  points  leaves  no  ques- 
tion as  to  the  reality  of  the  connection  between  them. 

In  repeated  instances,  corresponding  points  upon  the  right 
and  left  sides  of  the  brain  act  experimentally  as  centres  of 
motion  for  similar  groups  of  muscles  on  the  left  and  right 
sides  of  the  body.  We  cannot  say  that  in  all  cases  this  bilat- 
eral correspondence  of  the  cerebral  centres  of  motion  is  com- 
plete ;  although  it  may  be  so  in  reality,  since  the  two  sides  of 
the  brain  in  the  dog  are  never  exactly  symmetrical,  as  regards 
either  the  fissures  or  the  convolutions. 

The  action  of  the  cerebral  convolutions  in  producing  mus- 
cular contraction,  when  this  contraction  is  definite  and  limited, 
is  always  a  crossed  action  ;  galvanization  of  the  convolutions 
on  either  side  of  the  brain  exciting  movement  in  the  muscles, 
both  of  the  limbs  and  face,  on  the  opposite  side  of  the  body. 
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Galvanization  of  the  dura  mater,  or  otlier  sensitive  parts, 
produces  on  the  contrary,  by  reflex  action,  muscular  twitch- 
ing on  tlie  same  side  of  the  body. 

This  is  especially  illustrated  in  Experiment  No.  III.,  where 
the  dura  mater  being  exposed  but  unopened,  application  o; 
the  electrodes  to  its  exterior  surface  produced,  twenty-foui 
times,  muscular  twitchings  on  the  corresponding  sides  only ; 
namely,  ten  times  on  the  left,  and  fourteen  times  on  the  right. 

But,  after  the  dura  mater  had  been  removed,  application 
of  the  electrodes  to  the  surface  of  the  convolutions,  in  the  same 
experiment,  produced,  thirty-two  times,  distinct  muscular  con- 
traction on  the  opposite  side  of  the  body  alone ;  while  once 
only  it  was  followed  by  a  slight  contraction  on  the  same  side. 

In  the  same  experiment,  application  of  the  electrodes  to  a 
small  part  of  the  dura  mater  left  at  a  corner  of  the  wound 
produced  a  distinct  depression  of  the  shoulder  on  the  same 
side,  while  their  application  to  the  cerebral  surface  immedi- 
ately adjacent  was  without  effect  J  this  result  being  obtained 
invariably  in  twenty  applications,  made  alternately  to  the  dura 
mater  and  to  the  brain. 

If  we  compare  the  total  results  of  all  the  experiments,  the 
preponderance  of  crossed  action  in  galvanization  of  the  brain 
becomes  very  manifest.  Fifteen  different  points  of  the  cere- 
bral surface,  when  galvanized,  excited  distinct  movement  on 
the  opposite  side  of  the  body  one  hundred  and  sixty-nine 
times  ;  two  points  excited  slight  movements  on  the  same  side 
with  themselves  four  times  only. 

Among  these  instances  is  not  counted  that  of  a  special 
point  which  usually  excited  a  flexion  of  the  head  and  neck 
in  the  median  line;  both  sets  of  the  muscles,  right  and  left, 
being  either  called  into  action  harmoniously,  or  else  each  one 
having  the  power  to  flex  the  head  without  deviating  it  toward 
the  opposite  side. 

All  the  centres  of  motion  for  the  anterior  and  posterior 
limbs  are  situated  in  the  convolution  immediately  surround- 
ing the  frontal  Assure.  This  fissure,  which  is  well  marked  in 
the  dog  and  other  carnivorous  animals,  is  a  nearly  transverse 
furrow  running  outward  from  the  great  longitudinal  fissure, 
and  situated  at  about  the  junction  of  the  middle  and  anterior 
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thirds  of  the  brain,  as  viewed  from  above.  The  centres  for 
flexion  and  extension  of  the  anterior  and  posterior  limbs  the 
Committee  have  always  found  in  the  external  j)art  of  the  j^rse- 
f rental  convolution,  just  anterior  to  this  fissure,  and  in  the 
post-frontal  convolution  just  behind  it.  In  a  majority  of  cases 
those  for  the  anterior  limbs  were  situated  more  in  front,  near 
the  outer  extremity  of  the  frontal  fissure,  and  those  for  the 
posterior  limbs  more  posteriorly  and  inward,  but  their  exact 
position  varied  somewhat  in  ditferent  cases.  The  centre  for 
flexion  of  the  head  and  neck  in  the  median  line  is  in  the  lat- 
eral and  anterior  part  of  the  prge-frontal  convolution,  where  it 
bends  downward  and  outward ;  that  for  flexion  of  the  head 
with  rotation  toward  the  side  of  the  stimulus  is  in  a  part  of 
the  convolution  situated  still  farther  toward  the  front  and 
downward,  so  as  to  be  invisible  in  a  view  of  the  brain  taken 
from  above.  The  centre  for  the  facial  muscles  is  in  a  region 
situated  on  the  lateral  part  of  the  hemisphere,  immediately 
about  the  supra-Sjlvian  fissure. 

These  localities,  as  found  by  the  Committee,  correspond  in 
nearly  all  essential  particulars  with  those  given  by  Hitzig, 
and  in  some  instances  their  identity  was  complete.  This  fact 
is  of  much  value  as  testifying  to  the  genuineness  of  the  re- 
sults in  both  cases — since  the  spots  experimentally  found  to 
be  centres  of  motion  were  all  marked,  as  above  stated,  by  the 
insertion  of  needles  before  killing  the  animal ;  but  their  loca- 
tion upon  the  hemispheres,  and  consequently  their  corre- 
spondence with  those  discovered  by  Hitzig,  could  never  be 
seen  until  after  the  brain  had  been  removed  from  the  cranium. 

"With  regard  to  the  separate  points  for  flexion  and  exten- 
sion of  the  anterior  and  posterior  limbs  resj)ectively,  the  Com- 
mittee are  unable  to  fix  these  points  more  precisely  from  the 
results  of  their  experiments.  In  some  cases  they  varied  in 
position  more  or  less  in  different  animals ;  and  in  some  a 
single  application  of  the  electrodes  would  produce  movement 
in  more  than  one  set  of  muscles.  It  is  not  possible,  therefore, 
for  the  Committee  to  indicate  an  exact  or  invariable  locality 
for  the  centres  of  motion,  by  reference  to  the  fissures  or  con- 
volutions ;  but  they  are  led  to  the  conclusion  that  these  centres 
exist,  and  that,  when  the  galvanization  happens  to  be  applied 
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only  to  tlie  spot  wliicli  tliey  occupy,  tliey  will  produce  move- 
ments peculiar  to  themselves. 

Thus,  in  the  experiments  detailed  above,  sixty-four  appli- 
cations of  the  electrodes  produced  flexion  in  one  limb  only, 
and  fourteen  applications  produced  extension  in  one  limb 
only ;  making  seventy-eight  isolated  movements.  In  twelve 
cases  there  was  flexion  or  extension  of  both  limbs  simulta- 
neously, and  in  eleven  cases  flexion  of  one  limb,  accompanied 
by  extension  of  the  other  ;  making  in  all  twenty-three  double 
movements  of  the  limbs.  That  is,  more-  than  three-quarters 
of  all  these  movements  were  isolated  movements  of  flexion 
or  extension  of  a  single  limb. 

It  is  evident  that  a  variety  of  circumstances  influence  the 
results  of  galvanizing  the  cerebral  convolutions.  On  several 
occasions  the  contractions  produced  in  an  opposite  limb  seemed 
to  increase  in  intensity  with  the  repetition  of  the  stimulus  at 
short  intervals.  A  deeply  etherized  condition  of  the  animal, 
on  the  other  hand,  will  sometimes  suspend  altogether  the  phe- 
nomena of  movement,  which  were  well  marked  a  short  time 
before ;  and  these  phenomena  may  reappear  after  an  interval 
of  repose. 

A  weak  galvanic  current  from  eight  cells,  applied  to  a 
particular  spot,  may  cause  distinct  movement  in  one  of  the 
opposite  limbs  only ;  while  a  stronger  current  from  sixteen 
cells,  applied  to  the  same  spot,  may  produce  a  confused  mo- 
tion in  all  the  limbs  at  once. 
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Hammond's  Clinical  Lectures  en  IHseases  of  the  Nervous  System, 

Hamilton's  (A.  McL.)  Ftectro-Therapeutics.    1  vol..  Svo,  cloth,  $2.00. 

tfohnsto'u's  Chemistry  of  Com  moit  J.ife.    2  vok..  12ino.    Cloth.  $3.00. 

Jjftterman's  Itecollections  of  the  Army  of  the  Potomac.  1  vol.,  Svo.  Cloth,  $1. 

Leives's  Physioliiyy  of  Commo'i  Life.    2  vols..  12uu).    Cloth.  $3  00. 

Markoe  on  Diseases  of  the  Bones.    1  vol.,  Sv,>.    <!l()th,  $4.30. 

Maudsley  on  the  Mind.    1  vol.,  Svo.    Clotii.  $3.50. 

Maudsle'y's  Body  and  Mind.    1  vol.,  12ino.    Cloth.  $1.00. 

Maudsley  on  Itesponsihil ify  in  Mental  IHsease. 

Meyer's  Fl/ctriciti/.    1  vol..  Svo.    Cloth.  $1.50. 

Xiemet/er's  Practical  Medicine.    2  vols.,  Svo.    Cloth.  $9.00 :  Sheep,  $11.00. 
Xeftel  on  Galra no-Therapeutics.    1  vol.,  12iiio.    Cloth.  $1.50. 
Airfhtiuffale's  S'otes  on.  Aarsinff,    1  vol.,  12ino.    Cloth,  75  cents. 
\eumaun  on  Skin  Diseases.    1  vol..  Svo.    Ck  th.  $4.00. 
A'cM'  York  Meiiical  ,fournal     $4,110  per  annum.    Spi'cimen  copies,  25  cents. 
J'easlee  on.  Ovarian  Tumors.    1  vol.,  Svo.    (  loth.  $5.00. 

Pereira's  Materifi  Medica.  and,  Thera p-utics.   1  vol.,  Svo.  Clolh,  $7;  Sheep,  $3. 
Sat/re's  Cluh-foot.    1  vol.,  12mo.    Cloth.  $1.00. 
Schroeder  on  Ohstetrics.    1  vol..  Svo.  Cloth.  $3.50. 

Steiner's  Competidiuin  of  Children's  Diseases.  Cloth.    Trice,  f  8..'' 0. 
Stroud 's  1'ht/sicat  Cause  of  the  l>eath  of  Christ.    1  vol..  ]2iiio.  $2.00. 
Su  ett  on  Diseases  of  the  Chest.    1  vol.,  Svo.    Cloth,  $3.50. 

Simpson's  {Sir  Jus.  F.)  Complete  Works.     Vol.  I.    01)Ktetrics  and  Ovniecolooy.  Svo. 
Vol.  If.  Aiuesthesi.-i,  Hospitalism,  etc.  Svo.  Vol.  III.  'I'he  Diseases  of  Women".  Per  vol.,  Cloth, 
$3.(X):  Sheep.  $4.00. 
Tilt'K  Uterine  Therapeutics.    1  vol..  Svo.    Cloth.  $3..50. 
Van  Buren  on  Diseases  of  the  Jlectum,    1  vul  ,  12ino.  $1.50. 

y'an  Bu ren  and  Ketjcs's  Genitu-JTrinarti  Diseases,  tvith.  f^iiphilis.  Cloth,  ^5  •  "heep 

$(i.00.  • 
I'of/el's  Diseases  of  Children,    1  vol..  Svo.    Cloth.  $4..o0  ;  Sheep.  $i)..50. 
}rells  on  IH^eases  of  the  Ovaries.    1  vol..  Svo.    Cloth.  $5.00. 
Wayner's  Chemical  Technolotfy,    1  vol..  Svo.  $5.00. 

iValton's  Mineral  Springs  of  the  United  States  and.  Canada.     With  Analyses  and 
Notes  on  the  prominent  Spas  of  Enrope.   Cloth,  price.  $.2.00. 

*#*  Any  of  these  works  will  bo  mailed,  post-free,  to  any  part  of  the  Uuite^d  States,  on  receipt 
of  the  price.  Descriptive  Catalofcne  forwarded  on  application. 

A  larsrc  and  carefully-selected  stock  of  Medical  Works,  .\nierican  and  Foreijrn.  constantly  on  hand. 

Sriocial  Terms  given  on  large  orders. 

Pliysicians  are  invited  to  send  their  names  and  adHresaes. 
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APPLETONS'  JOURNAL, 

Appletons'  Journal  will  sustain,  during  the  ensuing  year,  its  reputation  lor  general 
excellence.  The  publishers  will  endeavor,  more  strenuously  than  ever,  to  furnish  a  pe- 
riodical of  a  high  class,  one  which  shall  embrace  a  wide  scope  of  topics,  and  afford  the 
reader,  in  addition  to  an  abundance  of  entertaining  popular  literature,  a  thorough  sur- 
vey of  the  progress  of  thought,  the  advance  of  the  arts,  and  the  doings  in  all  branches 
of  intellectual  effort.  As  the  design  is  to  make  a  superior  literary  journal,  engravings 
will  be  employed  only  when  they  serve  to  illustrate  the  text,  and  never  merely  as  pic- 
tures. 

Without  adhering  too  rigidly  to  any  set  plan,  the  contents  will  be  grouped  approxi- 
mately as  follows : 

I.  LiTKRATCTEE  OF  EoMANCE,  Consisting  of  popular  serial  novels,  from  both  American  and  English 
writers,  and  the  best  short  stories  obtainable,  whether  from  native  or  foreign  writers. 

II.  Travkl,  Adventckk,  and  DiSCOVEKY,  embracing  papers  descriptive  of  places,  tales  of  advent- 
ure and  discovery,  with  notes  of  all  that  is  doing  in  the  way  of  exploration,  or  that  is  brought 
to  light  of  new  and  unfamiliar  countries. 

III.  Natuer  and  Natural  History,  under  vi^hich  will  bo  given  entertaining  papers  on  the  charac- 

teristics of  the  earth's  surface,  the  habits  of  animals,  and  all  that  pertains  to  the  physical 
world  around  us. 

IV.  Social  Themes,  including  papers  expressing  the  ideas  of  capable  observers  on  social  progress, 

the  arts  and  felicities  of  the  household,  and  such  matters  as  pertain  to  our  daily  lives. 
V.  The  Arts,  embracing  criticisms  of  new  paintings,  new  architecture,  etc. ;  observations  on  dec- 
orative and  household  art,  and  a  general  survey  of  the  progress  of  the  arts  in  all  their  branches. 
VI.   MiscEiLANT  will  cover  selections  from  new  books,  brief  translations  from  Continental  journals, 
and  extracts  giving  the  core  of  the  more  noteworthy  papers  in  the  English  magazines. 

VII.  ,  SciEjjcE  AND  Invention  will  consist  of  popular  papers  on  subjects  covered  by  these  terms,  and 

will  record  the  progress  made  therein. 

VIII.  New  Books  will  be  carefully  and  impartially  reviewed,  in  the  sole  interest  of  the  reader;  and 

notes  will  be  subjoined,  affording  intelligence  in  regard  to  literarj'  matters  here  and  abroad. 
IX.   CiTRRENT  Topics  will  consist  of  the  editor's  glances  at  themes  occupying  the  public  mind;  at 
various  utterances  by  leading  spirits  in  literature,  philosophy,  and  criticism ;  and  at  the  gay- 
eties  and  amusements  of  society.    It  is  designed  to  make  this  department  notable  for  its 
entertaining  vivacity. 

The  broad  purpose  of  the  ejlitors  will  be  to  make  a  magazine  of  loeekly  issue,  that 
shall  rival  in  interest  and  variety  the  regular  monthly  publications  ;  and  for  this  purpose 
the  space  at  their  command  enables  them  to  give  much  more  material  for  the  same 
yearly  subscription  than  that  contained  in  the  largest  of  the  monthly  magazines. 

Published  Weekly.   Price  10  Cents  per  Number ;  or  $4  per  Annum,  in  advance. 

Bfi  the  recent  Post-Office  Liw,  the  postage  on  aU  periodicals,  after  Jannarti  1,  ISYS, 
must  be  prepaid  by  the  publishers.  Subscribers,  therefo)  e,  will  herea  fter  receive  their  ^num- 
bers without  charges  for  postage. 

Any  person  procuring  Five  Yearly  Subscriptions,  for  weeklv  numbers,  and  remitting  $'20.00,  will  be 
entitled  to  a  copy  for  one  j-oar  gratis. 

In  remitting  tiy  mail,  a  post-oftiee  order  or  draft,  payable  to  the  order  of  D.  Appleton  &  Co..  Is 
preferable  to  bank-notes,  as,  if  lost,  the  order  or  draft  can  be  recovered  without  loss  to  the  sender. 

Volumes  begin  with  January  and  July  of  each  year. 

Appletons'  Journal  and  either  Harper'' s  Weekly,  Harper's  Bamr.  Harper'' s  Magazine.,  Lippln- 
cotVs  ilagazine,  the  Atlantic  Monthly,  Scribner's  MontMy,  or  the  Galaxy,  for  one  year,  on  receipt  of 
$T.50,  which  includes  prepayment  of  postage ;  Appletons'  Journal  and"  LitteWs  'Living  Age,  for 
$10.50,  including  postage;  the  Journal  and^opULAB  Science  Monthly,  for  $8,  including  postage 
prepaid  by  the  publishers. 

For  those  who  prefer  it,  the  Journal  is  put  np  in  Monthly  Parts,  and  in  this  form  its  scope  and 
variety,  as  compared  with  other  magazines,  become  conspicuously  apparent.  Subscription  price.  $4.50 
per  annum,  including  postage  prepaid  by  the  pubhshers. 

D.  APPLETON  &  CO.,  Publishers,  New  York. 


